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 ABSTRACT 
 The present study aimed to 1) elucidate whether 
continuous milking during late gestation in dairy goats 
negatively affects mammary remodeling and hence milk 
production in the subsequent lactation, and 2) identify 
the regulatory factors responsible for changes in cell 
turnover and angiogenesis in the continuously lactating 
mammary gland. Nine multiparous dairy goats were 
used. One udder half was dried off approximately 9 
wk prepartum (normal lactation; NL), and the other 
udder half of the same goat was milked continuously 
(continuous lactation; CL) until parturition or until 
the half-udder milk yields had dropped to below 50 
g/d. Mammary biopsies were obtained from each udder 
half just before the NL gland was dried off (before dry 
period), within the first 2 wk after drying-off (early dry 
period, samples available only for NL glands), in the 
mid dry period, within the last 2 wk before parturition 
(late dry period), and at d 1 (the day of parturition), 3, 
10, 60, and 180 of lactation. Mammary morphology was 
characterized in biopsies by quantitative histology, and 
cell turnover was determined by immunohistochemistry 
(terminal deoxynucleotidyl transferase dUTP nick end 
labeling and Ki-67). Transcription of genes encoding 
factors involved in mammary epithelial cell (MEC) 
turnover and vascular function was quantified by 
quantitative reverse transcription PCR. Results dem-
onstrated that omitting the dry period was possible in 
goats but was not as easy as claimed before. Renewal 
of MEC was suppressed in CL glands, which resulted in 
a smaller MEC population in the subsequent lactation. 
At the time of parturition (and throughout lactation), 
the mammary glands subjected to CL had smaller alve-
oli, more fully differentiated MEC, and a substantially 
larger capillary fraction compared with NL glands. The 
continuously lactating gland thus resembled a normally 
lactating gland in an advanced stage of lactation. None 
of the studied genomic factors could account for these 
treatment differences. The described characteristics in 
CL glands compared with NL glands indicated a gland 
maintained in lactation for a longer period. 
 Key words:   continued milking ,  cell turnover ,  angio-
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 INTRODUCTION 
 Milk production in ruminants is determined not 
only by the genetic capacity of the animal but also by 
management factors such as duration of the dry period 
between successive lactations. The dry period appears 
to be essential for dairy animals to ensure that the 
mammary epithelial cell (MEC) population can be ef-
fectively renewed as one lactation comes to the end and 
before the next lactation begins (Capuco et al., 1997). 
The renewal of the MEC population is reported to be 
crucial to ensure optimal milk production in the subse-
quent lactation in dairy cows (Swanson, 1965; Remond 
et al., 1997; Madsen et al., 2008). Only a few studies 
have been performed on continuous lactation (CL) in 
dairy goats, and the effect of omitting the dry period 
on milk production in the next lactation in this species 
appears to be less clear. Fowler et al. (1991) and Mack-
enzie (1967) reported that CL had no negative effect 
on milk yield in the subsequent lactation. However, the 
experimental design by Fowler et al. (1991) included an 
unusually long dry period of 24 wk. In contrast to this, 
Caja et al. (2006) reported decreases in milk produc-
tion of 29% in dairy goats in response to omitting the 
dry period. 
 The level of milk production and the changes in milk 
yield over the course of lactation depend on 3 main 
factors: 1) the number of MEC, which is affected by the 
balance between the rate of epithelial cell proliferation 
and apoptosis (Knight, 2000; Capuco et al., 2003); 2) 
the secretory activity of these cells, which is affected 
by their differentiation (Akers et al., 2006); and 3) the 
provision of nutrients and removal of metabolic waste 
products via the blood. 
 It has been reported previously that omitting the 
dry period and milking dairy cows continuously from 
J. Dairy Sci.  93 :203–217
doi: 10.3168/jds.2009-2507 
© American Dairy Science Association®,  2010 .
203
 Received June 22, 2009.
 Accepted October 5, 2009.
 1 Corresponding author:  mon@life.ku.dk 
Open access under CC BY-NC-ND license.
one lactation to the next will interfere with MEC cell 
renewal (Capuco et al., 1997; Sorensen et al., 2006; 
Annen et al., 2008). This is likely to provide some of 
the explanation for the negative effect of CL on milk 
production in the next lactation. The mechanisms by 
which continuous milking during late gestation can in-
terfere with the regulation of MEC renewal have yet to 
be established.
Angiogenesis is the process by which new capillaries 
are formed from pre-existing blood vessels, a process 
known in other species to be associated with mammary 
remodeling (Matsumoto et al., 1992). The mammary 
microvasculature indirectly plays a very important 
role for milk synthesis by providing the nutrients and 
oxygen to the MEC and removing the metabolic waste 
products, which is essential to sustain milk synthesis 
(Djonov et al., 2001). However, there is a scarcity of 
information available for dairy animals regarding the 
normal remodeling of the mammary microvasculature 
during the dry period in preparation for the next lacta-
tion (Akers, 2002). It is unknown whether continued 
milking during the late gestation period will interfere 
with this remodeling of the mammary microvascula-
ture.
We hypothesized that omission of the dry period 
can interfere not only with key regulatory mechanisms 
responsible for renewal and differentiation of the MEC 
population (cell turnover and lactogenesis), but also 
with mammary vascular function and angiogenesis, 
which prevents the MEC population from fully express-
ing their production potential. We further hypothesized 
that dairy goats would be similar to dairy cows in this 
respect.
The objectives of the present study on the dairy 
goats were therefore to 1) determine if the negative 
effect of CL on mammary synthetic capacity in the fol-
lowing lactation can be ascribed to interference exclu-
sively with mammary cell turn-over and differentiation, 
or whether angiogenesis and hence tissue structures 
supporting metabolic activity are also affected; and 
2) identify through which regulatory mechanisms CL 
interferes with mammary cell turnover (apoptosis and 
cell proliferation), vascular function, and angiogenesis 
in the mammary gland. 
MATERIALS AND METHODS
Experimental Animals
Nine Danish crossbred (Landrace × Saanen) dairy 
goats (parity ≥2) were used over 1 (5 goats) or 2 con-
secutive (4 goats) lactation periods. They were fed a 
diet consisting of hay ad libitum, supplemented with 
barley, concentrate, and molasses, according to their 
requirements. Animals had free access to fresh water 
and a vitamin-mineral supplement. They were milked 
manually at 0900 and 1530 h and fed twice a day at 
0730 and 1430 h, with half the ration being given at 
each feeding. The experiment was carried out at the 
experimental facilities at the Faculty of Life Sciences, 
University of Copenhagen, Denmark, and approved 
by the Danish Animal Experimentation Inspectorate 
and complied with the Danish Ministry of Justice laws 
concerning animal experimentation and care for experi-
mental animals.
Experimental Design
The experimental design was a randomized complete 
block design with 2 treatments in 18 blocks. The 2 ud-
der halves in each animal were randomly subjected to 
2 different treatments, thus using the animal as its own 
control: one udder half was dried-off approximately 9 
wk before expected kidding followed by a normal lacta-
tion (NL), whereas the other udder half was milked 
continuously throughout pregnancy and into the next 
lactation (continuous lactation, CL). Omission of the 
dry period was not done in the same gland in 2 con-
secutive years. Milk yield of individual udder halves 
was recorded daily during the first 10 d of lactation, 
and twice per week during the rest of the experiment.
Mammary Gland Biopsies
Mammary biopsies were obtained from both mam-
mary glands at different time points during gestation 
and lactation: just before drying-off of the NL gland 
(before dry period, BDP), within the first 2 wk after 
drying-off (early dry period, EDP; samples available 
only for NL glands), in the mid-dry period (MDP), 
within the last 2 wk before parturition (late dry period, 
LDP), and at d 1 (day of parturition), 3, 10, 60, and 
180 of lactation (Figure 1). From each mammary gland, 
2 biopsies were sampled according to the procedure de-
scribed by Cvek et al. (1998).
Histology and Immunohistochemistry. Mam-
mary biopsies were fixed in 4% paraformaldehyde, 
embedded into paraffin blocks, sliced and prepared 
to be stained for detection of cell apoptosis (terminal 
deoxynucleotidyl transferase dUTP nick end labeling, 
TUNEL) and proliferation (Ki67), and histomor-
phological studies (hematoxylin and eosin; periodic 
acid-Schiff staining) as described by Norgaard et al. 
(2008a). Random micrographs were taken at primary 
magnification 400× using a light microscope (Leica 
DMR, Leica Microsystems, Wetzlar, Germany) with a 
camera (Leica DPC 490, Leica Microsystems) connect-
ed to a computer. Using ImageJ software (Abramoff et 
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al., 2004), a 30-point transparent grid was put on each 
micrograph. Proportions refer to the number of point 
hits on a given cell or tissues structure compared with 
the total number of hits, and numbers refer to the total 
number of that structure observed in the whole picture. 
When a point was hitting a MEC, it was classified into 
poorly, intermediate, or fully differentiated epithelial 
cell according to its secretory activity as described by 
Akers et al. (2006). Briefly, a fully differentiated polar-
ized MEC has a basally located and rounded nucleus, 
a high cytoplasm to nucleus ratio, and many vacuoles 
including large apical lipid droplets. Intermediately dif-
ferentiated MEC have fewer vacuoles, more irregularly 
shaped nuclei, and a smaller cytoplasm to nuclei ratio 
compared with fully differentiated cells. Poorly dif-
ferentiated MEC have very few if any vacuoles, large 
or randomly positioned lipid droplets, very little cy-
toplasm, and an oval (flattened) nucleus (Figure 2A). 
The counting of coinciding points with the mentioned 
desired structures allowed the unbiased estimation 
(Gundersen et al., 1988) of volume fractions for each 
animal.
Real-Time Reverse Transcription-PCR. Genes 
were chosen to be analyzed based on their suggested 
roles in mammary growth, remodeling, and function 
(Table 1). As shown in Tables 1, 2, and 3, target genes 
were divided into 2 groups: 1) genes related to vascular 
function: cyclooxygenase I (COX1), cyclooxygenase II 
(COX2), prostocylcine synthase (PTGIS), thrombox-
ane A2 synthase (TBXAS) and carbonic anhydrase IV 
(CA4), and angiogenesis: angiopoietin I (ANGPT1), 
angiopoietin II (ANGPT2), tyrosine kinase tie2 recep-
tor (RTK), vascular endothelial growth factor (VEGF), 
vascular endothelial growth factor receptor 1 (VEG-
FR1) and vascular endothelial growth factor receptor 2 
(VEGFR2), and 2) genes related to cell turnover and 
lactogenesis: B-cell CLL/lymphoma- 2 (BCL2), Bcl2-
associated X protein (BAX), cyclin D1 (CCND1), 
insulin-like growth factor I (IGF1), insulin-like growth 
factor I receptor (IGF1R), insulin-like growth factor 
binding protein III (IGFBP3), insulin-like growth fac-
tor binding protein V (IGFBP5), transforming growth 
factor β I (TGFB1), transforming growth factor β I re-
ceptor I (TGFB1R1), transforming growth factor β I 
receptor II (TGFB1R2), prolactin receptor (PRLR), 
α-lactalbumin (LALBA), lactoferrin (LTF), leptin 
(LPT) and leptin receptor (LPTR). Transcription of 
target genes was quantified by real-time reverse tran-
scription (RT)-PCR. Approximately 10 mg of mam-
mary tissue was homogenized in 350 μL of RNeasy lysis 
buffer (Qiagen, Albertslund, Denmark) and diluted 
(1:1) with 70% ethanol. The RNA was purified using 
the RNeasy mini kit (Qiagen) and reverse-transcribed 
with oligo-dT and Superscript II RNase H reverse tran-
scription kit (Invitrogen, Taastrup, Denmark) accord-
ing to the manufacturer’s protocol. Reverse-transcribed 
material (1 μL) was amplified with TaqMan Universal 
PCR Master Mix (Applied Biosystems, Stockholm, 
Sweden) using gene-specific primers. Locked nucleic 
acid (LNA) probes from the human Universal ProbeLi-
brary (Roche Applied Science, Hvidovre, Denmark), 
labeled with the FAM fluorophore were used for de-
tecting amplified LPT, PRL-R, BAX, CCND1, IGF1R, 
LTF, ANGPT2, and COX2 genes. Power SYBR-Green 
PCR Master Mix (Applied Biosystems, Foster City, 
CA) was used for detection of the remaining genes: 
LPT-R, BCL2, IGF1, IGFBP3, IGFBP5, LALBA, 
VEGF, VEGF-R1, VEGF-R2, CA4, TBXAS, TGFB1, 
TGFB1-R1, TGFB1-R2, RTK, ANGPT1, COX1, and 
PTGIS. Melting curves showed no more than a single 
amplified product. The PCR amplification signal was 
detected using an ABI PRISM 7900 detection system 
(Applied Biosystems). Transcription of GAPDH, 18S 
rRNA I (18S RNR1), and β-actin (ACTB) were 
quantified and their appropriateness as housekeeping 
genes (HKG) were evaluated against the total RNA 
content. Transcription of target genes was normalized 
by the mean transcription level of GAPDH as HKG, as 
suggested by Vandesompele et al. (2002) and described 
by Theil et al. (2006). The oligonucleotide sequences 
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Figure 1. Time schedule for sampling relative to drying-off of the gland with a normal lactation (NL) and day of parturition. BDP, EDP, 
MDP, and LDP = prepartum sampling times related to the stage in the dry period of the NL gland (before drying-off, in the early, mid, and 
late dry period, respectively); D = day of lactation.
for the genes were designed using the Primer Express 
software, version 2.0 (Applied Biosystems) or Beacon 
Designer Version 7.00 software (Premier Biosoft Inter-
national, San Diego, CA). No amplification was found 
in ribonuclease-free water and in samples of genomic 
bovine DNA. For quantitative RT-PCR, 40 cycles were 
used at 95°C for 15 s and at 60°C for 60 s. The response 
was quantified as the number of PCR cycles required to 
reach a certain threshold, and samples were analyzed 
in duplicate. The oligonucleotide sequences of forward 
primers, LNA probes (when used), and reverse primers 
for the genes are shown in Table 3.
Gene expression data were obtained as cycle thresh-
old (Ct) values (the cycle number at which PCR cycles 
logarithmic plots cross a calculated threshold line) to 
evaluate mRNA quantities according to the manufac-
turer’s guidelines, and used to determine ΔCt values:
ΔCt = [Ct of the target gene] – [Ct of the  
reference gene (GAPDH)].
Least squares means of ΔCt values of target genes were 
normalized to the level observed at BDP of NL glands, 
by calculating the ΔΔCt values:
ΔΔCt = [ΔCt observed at a given stage for CL  
or NL] – [ΔCt observed at BDP for NL].
The relative mRNA quantity was calculated as Q−ΔΔCt, 
where Q is 1 + PCR efficiency as determined by 
10−1/slope of standard curve − 1 (Rasmussen, 2000). In cases 
with 100% PCR efficiency, this formula was simplified 
to the following:
Relative mRNA quantity (100% efficiency) = 2−ΔΔCt.
All statistics were performed at the ΔCt level (Theil 
et al., 2006) to exclude potential bias due to averaging 
data that had been transformed through the equa-
tion 2-ΔΔCt (Pfaffl, 2001). Expression of 18S rRNA 
and ACTB, but not GAPDH, was affected by parity. 
Therefore, GAPDH was selected as the HKG for data 
normalization.
Statistical Analysis and Calculations
Statistical evaluation of all data was performed using 
the Mixed procedures in SAS (SAS Institute, 2003). 
Variables in the statistical models included the experi-
mental year, treatment (CL or NL), experiment day on 
which the biopsy sample was taken and its interaction 
with treatment as fixed effects, and the factors goat, 
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Figure 2. Light micrographs of mammary epithelial cells (MEC) at 
3 developmental stages. A) poorly differentiated MEC; B) intermedi-
ately differentiated MEC; and C) highly differentiated MEC. The tis-
sue sections are 4 to 5 μm thick and stained with periodic acid-Schiff 
stain. The location and the shape of the nuclei, the ratio of the cyto-
plasm and nuclei, and the abundance of secretory vesicles are different 
in the 3 developmental stages. A MEC is marked in each panel (arrow) 
and subepithelial capillary (*) including an erythrocyte is indicated in 
panel C. Magnification bar represents 10 μm.
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Table 1. Roles of the analyzed genes 
Gene1 Suggested role(s)
Vascular function and angiogenesis
 COX1 and COX2 Involved in angiogenesis, regulating arterio-venous differentiation, and contributing in the production  
 of prostaglandins and thromboxane (Claria, 2003)
 PTGIS Catalyzes the synthesis of prostacyclin I2, which is a potent arterial vasodilator (Claria, 2003)
 TBXAS Catalyzes the synthesis of thromboxane A2, a venous vasoconstrictor, and affects vascular permeability (Claria, 2003);  
 might have a role in regulation of mammary cell proliferation or secretory activity (Nielsen et al., 2004)
 CA4 Catalyzes the reversible hydration of CO2 to HCO3
− and H+, positively correlated with the mammary gland  
 synthetic activity (Cvek et al., 1998)
 ANGPT1 Involved in maturation of blood vessels, regulates the formation and stabilization of the blood vessel network (Conway et al., 2001)
 ANGPT2 ANGPT1 antagonist; destabilizes the vasculature and initiates angiogenesis in the presence of VEGF (Conway et al., 2001)
 RTK Receptor for ANGPT1 and ANGPT2 (Conway et al., 2001)
 VEGF Potent angiogenic factor and possess vascular permeability-inducing properties (Conway et al., 2001)
 VEGFR1 Negative regulator of VEGFR-2 (Conway et al., 2001)
 VEGFR2 VEGF receptor mediating the mitogenic and permeabilizing properties of VEGF (Conway et al., 2001)
Cell turnover and lactogenesis
 BAX Pro-apoptotic factor (Haughn et al., 2003)
 BCL2 Anti-apoptotic factor (Haughn et al., 2003)
 CCND1 Involved in regulation of cell proliferation (Sherr, 1995)
 IGF1 Plays an important role as a survival factor during mammary gland development and remodeling during involution (Allan et al., 2004)
 IGF1R Affects mammary growth and inhibits apoptosis (Baumrucker and Erondu, 2000)
 IGFBP3 Multifunctional protein, acts as either a growth facilitator or an inhibitor (Grill and Cohick, 2000)
 IGFBP5 Related to apoptosis of the mammary gland and has the ability to inhibit cell proliferation (Allan et al., 2004)
 TGFB1 Anti-proliferative and apoptogenic factor for mammary epithelial cells (Wareski et al., 2001)
 TGFB1-R1 and -R2 Receptors for and mediating actions of TGFB1 (Akers, 2006)
 PRLR Prolactin (PRL) receptor; upon binding to its receptor, PRL activates several pathways associated with mammary  
 epithelial cell proliferation, differentiation, and lactogenesis (Wall et al., 2006)
 LALBA Milk whey protein and a component of the enzyme complex regulating lactose synthesis and thus milk volume  
 (Riley et al., 2008). Indicator of onset of copious milk secretion at lactogenesis
 LTF Involved in local immune system and induces cellular growth and differentiation (Ward et al., 2005)
 LPT and LPTR Suggested inhibitor of proliferation of mammary epithelial cells (Silva et al., 2002)
1Genes: COX1 = cyclooxygenase I; COX2 = cyclooxygenase II; PTGIS = prostocylcine synthase; TBXAS = thromboxane A2 synthase; CA4 = carbonic anhydrase IV; ANGPT1 
= angiopoietin I; ANGPT2 = angiopoietin II; RTK = tyrosine kinase tie2 receptor; VEGF = vascular endothelial growth factor; VEGFR1 (Flt1) = vascular endothelial growth 
factor receptor 1 (fms-like tyrosine kinase); VEGFR2 (Flk1) = vascular endothelial growth factor receptor 2 (fetal liver kinase 1); BCL2 = B-cell CLL/lymphoma 2; BAX = Bcl2-
associated X protein; CCND1 = cyclin D1; IGF1 = insulin-like growth factor I; IGF1R = insulin-like growth factor I receptor; IGFBP3 = insulin-like growth factor binding protein 
III; IGFBP5 = insulin-like growth factor binding protein V; TGFB1 = transforming growth factor beta I; TGFB1R1 = transforming growth factor beta I receptor I; TGFB1R2 
= transforming growth factor beta I receptor II; PRLR = prolactin receptor; LALBA = α-lactalbumin; LTF = lactoferrin (lactotransferrin); LPT = leptin; LPTR = leptin recep-
tor.
goat within experimental year, and gland within goat 
at each experiment day as random effects, as shown in 
the following model:
Y = μ + αi + βj + γk + βγjk + ρl + τil + υklm + εijklm, 
where Y = the dependent variable; μ = the overall 
mean; αi = experimental year (i = 1, 2); βj = lactation 
regimen (j = CL and NL); γk = experiment day (k = 
BDP, EDP, MDP, LDP, d 1, 3, 10, 60, and 180); βγjk = 
interaction between lactation regimen and experiment 
day; ρl = random effect of goat (l = 1, 2,…, 9); τil = 
random effect of goat within a year; υklm = random ef-
fect of udder half within a goat within a year (m = left, 
right); εijklm = random variation, which was assumed to 
be normally distributed with a variance σ2 and a mean 
of zero. For analysis of milk yield, week of lactation was 
included as fixed effect instead of experimental day. 
Before performing the final statistical analyses, data 
were checked for outliers based on residual plots. The 
data from poorly differentiated MEC as well as cell 
proliferation and apoptosis were arc-sine transformed 
to meet statistical assumptions for normal distribution. 
However, the back-transformed data are presented in 
figures. Presented results are expressed as least squares 
means with standard error of mean. The PDIFF op-
tion in SAS (SAS Institute, 2003) was used to generate 
comparisons between treatment means. The level of 
significance was set at P < 0.05.
RESULTS
Milk Yield
In experimental yr 1, we attempted to milk 6 glands 
(6 goats, and one of each) continuously during the late 
gestation period, but only 2 glands completed a CL 
with milk production above 50 g/d until the day of 
parturition, In experimental yr 2, out of 7 glands (7 
goats, and one of each) assigned to the CL treatment, 
only 4 glands remained lactating throughout the entire 
gestation period. Thus, 6 glands completed a CL in 13 
attempts over the 2 yr.
Half-udder milk yield data were available only for the 
first 2 wk of lactation and again from lactation d 60 
and onward because of unfortunate erroneous record-
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Table 2. Accession numbers, amplicon location, range of threshold cycle (Ct) values in samples, and slope of standard curve of the analyzed 
genes 
Gene symbol Accession no. Gene name
Range of Ct 
in samples
Standard 
curve R2
Standard 
curve slope
Housekeeping genes
 ACTB AY141970 β-Actin 22–32 0.998 −3.53
 GAPDH AF035421 Glyceraldehyde-3-phosphate dehydrogenase 28–37 0.999 −3.54
 18S RNR1 AY779625 18S rRNA I 20–28 0.999 −4.30
Vascular function and angiogenesis     
 COX1 AF004943 Cyclooxygenase I 30–37 0.998 −3.38
 COX2 AF004944 Cyclooxygenase II 33–39 0.917 −3.54
 PTGIS NM_174444 Prostocylcine synthase 33–39 0.990 −3.62
 TBXAS BC112647 Thromboxane A2 synthase 31–39 0.999 −3.47
 CA4 NM_173897 Carbonic anhydrase IV 28–39 0.996 −3.19
 ANGPT1 NM_001076797 Angiopoietin I 29–38 0.993 −3.50
 ANGPT2 AF094699 Angiopoietin II 31–39 0.996 −2.72
 RTK X71424 Tyrosine kinase Tie2 receptor 29–38 0.998 −3.72
 VEGF AY114353 Vascular endothelial growth factor 24–35 0.998 −3.53
 VEGFR1 (Flt1) AY114355 Vascular endothelial growth factor  
 receptor 1 (fms-like tyrosine kinase)
29–38 0.999 −3.23
 VEGFR2 (Flk1) AY114354 Vascular endothelial growth factor  
 receptor 2 (fetal liver kinase 1)
29–38 0.999 −3.83
Cell turnover and lactogenesis     
 BCL2 DQ152929 B-cell CLL/lymphoma 2 27–37 0.992 −3.66
 BAX AF163774 Bcl2-associated X protein 29–35 0.996 −4.26
 CCND1 XM_870776 Cyclin D1 28–39 0.994 −3.66
 IGF1 NM_001009774 Insulin-like growth factor I 29–38 0.989 −3.70
 IGF1R AF025303 Insulin-like growth factor I receptor 30–38 0.987 −3.71
 IGFBP3 M76478 Insulin-like growth factor binding protein III 26–35 0.994 −3.23
 IGFBP5 S52657 Insulin-like growth factor binding protein V 25–36 0.992 −3.35
 TGFB1 M36271 Transforming growth factor beta I 31–39 0.991 −3.77
 TGFB1R1 NM_174621 Transforming growth factor beta I receptor I 29–39 0.976 −3.74
 TGFB1R2 NM_615445 Transforming growth factor beta I receptor II 27–37 0.993 −3.29
 PRLR NM_001039726 Prolactin receptor 27–36   
 LALBA X63317 α-Lactalbumin 14–32 0.997 −3.81
 LTF L08604 Lactoferrin (lactotransferrin) 25–39 0.991 −3.70
 LPT OAU84247 Leptin 31–39 0.988 −5.18
 LPTR AY278244 Leptin receptor 29–39 0.988 −3.71
ings in the period in between. However, based on these 
milk yield data, it was evident that of the total number 
of 6 glands that completed a CL, milk production was 
numerically suppressed in 2, unaffected in 2, and nu-
merically increased in 2 compared with milk production 
in the contralateral NL gland. Thus, overall, CL had no 
significant effect on milk yield (data not shown).
Mammary Morphology
Differentiation of MEC. As shown in Figure 2, 
the intermediate differentiated MEC proportion was 
high (83%), whereas the poorly differentiated MEC 
was low (11%) in both types of glands (NL and CL) 
in period BDP (before drying off the NL gland). At 
MDP, the proportion of intermediate differentiated 
MEC declined to its lowest level (31%), whereas poorly 
differentiated MEC peaked (68%) at this time point. 
Although poorly differentiated MEC were significantly 
higher in NL than CL glands at MDP (68 and 48%, 
respectively; P = 0.01) and LDP (41 and 15%, respec-
tively; P = 0.004), the proportion of poorly differenti-
ated MEC reached the same low level in both glands at 
parturition (4%) and during the following lactation. On 
the other hand, the proportion of intermediate differen-
tiated MEC increased in both glands to reach a plateau 
(79%) a few days after parturition (d 3) and remained 
at this level during the rest of lactation. The proportion 
of fully differentiated MEC was low in both glands in 
BDP (14%), increased at LDP where it tended (P = 
0.10) to be higher in CL (36%) than NL glands (20%), 
and remained higher in CL compared with NL glands 
throughout lactation, either numerically or statistically. 
Across the whole gestation-lactation period, CL glands 
thus had a significantly higher (P = 0.004) proportion 
of fully differentiated MEC (24%) compared with NL 
glands (15%) but a lower proportion of poorly differ-
entiated MEC compared with NL glands (16 vs. 21%; 
P = 0.003).
Gross Morphological Changes. In mammary sec-
tions, the highest number of alveoli per picture (5.6), 
the lowest proportion of MEC (34%), lowest proportion 
of lumen (17%), the highest proportion of interstitial 
tissue (49%), and the peak in micro-vessel proportion 
(19%) were observed in MDP (Figure 3) compared with 
the other developmental stages examined. In general, 
no statistical differences were observed between the CL 
and NL glands. Closer to parturition in period LDP, the 
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Table 3. Gene names and primer and probe sequences in real-time reverse transcription-PCR 
Gene1 Forward primer, 5′ → 3′ Probe, 5′ → 3′ Reverse primer, 5′ → 3′
Housekeeping genes    
 ACTB 5′-acccagatcatgttcgagacctt SYBR Green 5′-tcaccggagtccatcacgat
 GAPDH 5′-gtcggagtgaacggatttgg 5′-cgcctggtcaccagggctgct 5′-aacgatgtccactttgccagta
 18S RNR1 5′-gcaattattccccatgaacg SYBR Green 5′-agttcgaccgtcttctcagc
Vascular function and angiogenesis    
 COX1 5′-cctcatcctcatcggggagac SYBR Green 5′-cggttgcggtactggaattgg
 COX2 5′-ctaagaagaaagttcattcctgatccc 5′-ttgcccag, LNA#61 5′-gaggatacatctctccattaatcatctg
 PTGIS 5′-gccgtcaacagcatcaaacaattc SYBR Green 5′-gcatcagcccaaagccatacc
 TBXAS 5′-gcctttggcaccgaagtg SYBR Green 5′-ttatggatggaaatgataagagtaaaacc
 CA4 5′-gacatccccagacccaatatgaac SYBR Green 5′-gagcgagcccaggtagcg
 ANGPT1 5′-ccataaccagtcagaggcagtac SYBR Green 5′-gtgtgacccttcaaatacaacctg
 ANGPT2 5′-cgaatgaagaactcaactacaggattc 5′-ccagccag, LNA#20 5′-gaaggaccacaggcatcaaacc
 RTK 5′-aactgtgacgacgaggtgtatg SYBR Green 5′-tccccgcgtaggtgaacttc
 VEGF 5′-gggctgctgtaatgacgaaag SYBR Green 5′-tgaggtttgatccgcataatctg
 VEGFR1 5′-tcaagccaatgtacaacaggatgg SYBR Green 5′-attaaacttgggagcagaaatatcttcc
 VEGFR2 5′-cactgtttatgtgtatgttcaagattac SYBR Green 5′-gatgtacacaacttcatgctggtc
Cell turnover and lactogenesis    
 BAX 5′-gagtggcggctgaaatgttt 5′-ctggggcc, LNA#57 5′-agggccttgagcaccagttt
 BCL2 5′-ggctgggatgcctttgtg SYBR Green 5′-agacagccaggagaaatcaaaca
 CCND1 5′-gccgagaagctgtgcatttac 5′-ctccatcc, LNA#58 5′-ccaggaccagctccatgtg
 IGF1 5′-tgtgatttcttgaagcaggtgaag SYBR Green 5′-gctgaaggcgagcaagca
 IGF1R 5′-tgcagaaggagcaggtgaca 5′-acctgggagccacggcctga 5′-cctccacttgggatccatatttt
 IGFBP3 5′-cagagcacagacacccagaa SYBR Green 5′-agggcccgtattctgtctc
 IGFBP5 5′-gaccgcaagggattctacaaga SYBR Green 5′-tccacgcaccagcagatg
 TGFB1 5′-tggagctgtaccagaaatatagcaa SYBR Green 5′-gccactgccgcacaactc
 TGFB1R1 5′-caatgggactagtattctgggaagtag SYBR Green 5′-tcaactgatggatcggaaggta
 TGFB1R2 5′-tccttcaagcagacggatgtc SYBR Green 5′-cccgaacggaggctcata
 PRLR 5′-catggatactggagtgagtgga 5′-ggatggag, LNA#58 5′-tgtccttcactgggaagtcat
 LALBA 5′-acaatggcagcacagaatatgg SYBR Green 5′-tgtcacaggagatgttacagatgttg
 LTF 5′-ggatggcaaggaagacttgatc 5′-caggaaga 5′-cgggtggagagccaaagag
 LPT 5′-gtgcccatccgcaaggt 5′-caccaggatcaatgac 5′-gacggactgcgtgtgtgaga
 LPTR 5′-acccaatgcaatccaatcac SYBR Green 5′-ggctgctcctatgatacctca
1Gene names and descriptions as given in Table 1.
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Figure 3. Number of alveoli per picture proportions (%) in mammary sections of alveoli, mammary epithelial cells (MEC), lumen, interstitial 
tissue, micro-vessels, and poorly, intermediate, and fully differentiated MEC. CL and NL = continuous and normal lactation, respectively; BDP, 
EDP, MDP, and LDP = prepartum sampling times related to the stage in the dry period of the NL gland (before drying-off, in the early, mid, 
and late dry period, respectively); D = day of lactation; S = stage of gestation-lactation. P-values for S, CL treatment, and their interaction 
are presented in each graph.
proportion of micro-vessels (17%) remained high, and 
alveoli proportion (66%) as well as alveoli lumen (30%) 
and MEC fractions (37%) increased in both CL and NL 
glands compared with MDP, whereas the proportion of 
interstitial tissue (34%) and alveoli numbers per picture 
(3.6) decreased. At parturition, the proportion of MEC 
had increased even further (44%), whereas lumen and 
interstitial tissue (30%) remained at the same high level 
(25%) as in LDP, and the micro-vessel proportion was 
decreased (12%). Overall, this resulted in peak values 
in proportion of alveoli in sections at d 1 and d 10 
(71 and 73%, respectively), but distributed on a lower 
number of alveoli. The NL glands tended (P = 0.08) to 
have a lower number of alveoli (2.8) compared with CL 
(3.8) glands on the day of parturition (d 1).
Alveolar lumen and interstitial tissue areas remained 
relatively constant during early to mid lactation, but 
the alveoli and MEC fractions gradually decreased. The 
MEC decreased the most in CL glands and were similar 
in NL glands in mid (38 vs. 44%, respectively) and late 
lactation (37 vs. 41%, respectively). The micro-vessel 
proportion did not change in early to mid lactation in 
the NL glands, but increased during this period and 
became significantly highest from d 10 and onward in 
the CL glands. Concurrently, the number of alveoli re-
mained at the same level in NL glands during lactation, 
but gradually declined in CL glands to lower levels than 
observed in the NL glands.
The lowest values during lactation for epithelial 
(39%), lumen (23%), and alveoli fractions (63%) were 
observed during late lactation. The decreases from early 
to mid-lactation were numerically more pronounced 
in the NL glands than in the CL glands, and alveoli 
number remained similar to CL (2.2) compared with 
NL glands (3.0; P = 0.18). The opposite was observed 
for interstitial tissue, where the highest values during 
lactation were observed in late lactation (38%), and 
the micro-vessel fraction was substantially higher in CL 
compared with NL glands (20 and 11%, respectively) 
at this time point.
Immunohistochemistry
As shown in Figure 4, MEC proliferation occurred 
predominantly in late gestation before parturition, was 
high in MDP (3.1% in CL and 6.8% in NL glands), and 
peaked in LDP (5.0% in CL and 8.0% in NL glands). 
The fraction of apoptotic cells (cells staining positive 
in the TUNEL assay) peaked in both glands (0.4%) 
in the early stage of lactation (d 10). The proportion 
of cells staining positive for apoptosis and prolifera-
tion remained low throughout the rest of the lactation 
period.
In general, CL glands had a lower proportion of cells 
staining positive for proliferation than the NL glands 
(P = 0.03), particularly during gestation (MDP, P = 
0.001 and LDP, P = 0.02). Postpartum, the CL glands 
tended to have a higher rate of apoptosis a few days 
after parturition compared with the NL glands (d 3, 
P = 0.12), and hence generally lowered rates of cell 
renewal in the peripartum period.
Gene Expression
Genes Related to Cell Turnover and Lactogen-
esis.  In general, BCL2, CCND1, IGF1, IGFBP3, and 
LPTR had high levels of expression in the mid to late 
dry period, as shown in Figure 5A. Their expression 
levels decreased at parturition and remained low or 
decreased during the remaining part of lactation. An 
opposite pattern was observed for LALBA, which was 
very low prepartum but increased at parturition and 
remained high thereafter. Although the general pattern 
of changes in gene expression was the same in the 2 
experimental years, the expression of LALBA was, for 
unknown reasons, higher in the second experimental 
year than the first.
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Figure 4. Proportion of proliferative (Ki-67) and apoptotic (terminal deoxynucleotidyl transferase dUTP nick end labeling) epithelial cells 
in mammary sections. CL and NL = continuous and normal lactation, respectively; BDP, EDP, MDP, and LDP = prepartum sampling times 
related to the stage in the dry period of the NL gland (before drying-off, in the early, mid, and late dry period, respectively); D = day of lacta-
tion; S = stage of gestation-lactation. P-values for S, CL treatment, and their interaction are presented in each graph.
The CL glands had significantly higher expression 
of LALBA (P = 0.03) compared with NL glands, and 
this was because of higher expression of LALBA in CL 
glands in late gestation, when the CL glands were lac-
tating and the NL glands had been dried off. Contrast 
analyses performed at each sampling stage showed that 
CL glands compared with the NL glands had higher 
mRNA expression of LTF (P = 0.01) in LDP, CCND1 
(P = 0.04) at parturition, and of BAX in late lacta-
tion (P = 0.03). In addition, there was a tendency for 
higher expression of IGFBP5 (P = 0.08) at parturition 
and of IGF1 in mid lactation (P = 0.08). In late lacta-
tion, however, expression of LTF was found to be lower 
(P = 0.01) in CL compared with NL glands. There 
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Figure 5A. Expression levels of genes related to A) cell turnover and lactogenesis, and B) vascular function and angiogenesis. CL and NL = 
continuous and normal lactation, respectively; BDP, EDP, MDP, and LDP = prepartum sampling times related to the stage in the dry period 
of the NL gland (before drying-off, in the early, mid, and late dry period, respectively); D = day of lactation; S = stage of gestation-lactation. 
Values are least squares means relative to values obtained in the BDP stage of NL glands. P-values for S, CL treatment, and their interaction 
are presented in each graph. BAX = Bcl2-associated X protein; BCL2 = B-cell CLL/lymphoma 2; CCND1 = cyclin D1; IGF1 = insulin-like 
growth factor I; IGFBP3 = insulin-like growth factor binding protein III; LALBA = α-lactalbumin; LPTR = leptin receptor.
were no significant changes in expression of IGF1R, 
TGFB1, TGFB1R1, TGFB1R2, PRLR, or LPT (data 
not shown) during the course of gestation-lactation in 
CL or NL glands and no effect of CL on expression of 
these genes.
Genes Related to Vascular Function and An-
giogenesis. As shown in Figure 5B, expression lev-
els of CA4 and VEGF were low in LDP, increased at 
parturition, and peaked a few days after (d 10), and 
thereafter remained the same in CL as in NL glands. 
Expression of ANGPT1 and COX2 was high during 
the dry period, especially at MDP in NL glands and on 
parturition day in CL glands. Expression of ANGPT1 
decreased to a lower level a few days after parturition 
(d 3) and remained constant until late lactation. After 
a short delay, COX2 started to decrease gradually from 
d 10 of lactation and reached its lowest level in mid to 
late lactation. For the rest of the studied genes (COX1, 
PTGIS, TBXAS, and RTK), expression levels were 
constant throughout the course of gestation-lactation 
(data not shown). The general pattern of changes in 
gene expression was the same in the 2 experimental 
years, but expression of ANGPT2 was higher in the 
second year.
In general, CA4 (P = 0.06) tended to be higher in CL 
than in NL glands. Compared with NL glands, the CL 
glands had higher expression of ANGPT1 (P = 0.002) 
and VEGFR2 (P = 0.007) at parturition, and tended 
to have higher expressions of CA4 (P = 0.08) at d 10. 
However, expression level was lowest for VEGFR1 (P 
= 0.02) at d 3 and tended to be lowest for ANGPT2 (P 
= 0.07) at d 180 compared with NL glands.
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Figure 5B. Expression levels of genes related to A) cell turnover and lactogenesis, and B) vascular function and angiogenesis. CL and NL = 
continuous and normal lactation, respectively; BDP, EDP, MDP, and LDP = prepartum sampling times related to the stage in the dry period 
of the NL gland (before drying-off, in the early, mid, and late dry period, respectively); D = day of lactation; S = stage of gestation-lactation. 
Values are least squares means relative to values obtained in the BDP stage of NL glands. P-values for S, CL treatment, and their interaction 
are presented in each graph. COX2 = cyclooxygenase II; CA4 = carbonic anhydrase IV; VEGF = vascular endothelial growth factor; VEGFR1 
(Flt1) = vascular endothelial growth factor receptor 1 (fms-like tyrosine kinase); ANGPT1 = angiopoietin I.
DISCUSSION
Continuous Milking and Milk Production  
in Dairy Goats
Although earlier reports (Mackenzie, 1967; Fowler et 
al., 1991) claimed that goats are more capable of main-
taining milk production throughout gestation when 
being continuously milked compared with cows, we, 
along with Caja et al. (2006), experienced considerable 
problems in preventing the glands from drying off spon-
taneously in very late lactation. We therefore believe 
that goats and cows are more similar than was postu-
lated in the earlier studies (Mackenzie, 1967; Fowler et 
al., 1991) with respect to their ability to maintain milk 
production throughout the very late gestation period. 
However, in the glands that managed to lactate con-
tinuously throughout late gestation, the consequences 
for milk production in the next lactation appeared to be 
far less severe than reported for dairy cows (Swanson, 
1965; Annen et al., 2008; Madsen et al., 2008). Thus, in 
most goats, milk yield may not be negatively affected. 
Irrespective of any impact on subsequent milk produc-
tion, CL clearly does not prevent lactogenesis. This 
has been demonstrated in several studies in cows and 
dairy goats by the increase in milk yield immediately 
after parturition (Fowler et al., 1991; Caja et al., 2006; 
Annen et al., 2008) and is further documented in this 
study by the clear and similar increase in expression of 
LALBA in CL and NL glands.
Impact of CL on Mammary Epithelial  
Cell Remodeling
Consistent with other studies in cows (Norgaard et 
al., 2005), sheep (Norgaard et al., 2008a), and goats 
(Caja et al., 2006), our results confirmed that the 
major part of mammary redevelopment takes place in 
late pregnancy. At parturition, the proportion of poorly 
differentiated MEC decreased, while the proportion of 
particularly intermediate differentiated MEC increased. 
It is reasonable to suggest that the poorly differentiated 
MEC are the newly formed cells in the mammary gland 
that need to differentiate further to acquire lactational 
ability. The CL glands had a lower proportion of MEC 
(3 to 7%) in the subsequent mid to late lactation com-
pared with NL glands because of the lower proliferation 
rate during MDP and LDP.
Milk yield turned out to be virtually unaffected by 
CL in the glands that were capable of completing a con-
tinuous lactation, despite the negative effect of CL on 
MEC renewal. The CL glands, however, had a higher 
proportion of more fully differentiated MEC through-
out lactation, which indicates that the fully differen-
tiated (and presumably older) MEC possessed higher 
synthetic capacity compared with the intermediately 
differentiated MEC. It would be relevant to find out 
how regulation of mammary remodeling differs between 
cows and goats and thus find the explanation for why 
the yield in the CL goats is not affected as it is in cows 
milked continuously. We suggest that the MEC in goats 
survive longer than in cows.
In our histological samples, we observed that MEC 
undergoing proliferation occurred predominantly in the 
intermediately differentiated rather than in the poorly 
and fully differentiated MEC (69, 23, and 9%, respec-
tively). We found no apoptotic cells among poorly 
differentiated MEC, only in the intermediate or fully 
differentiated MEC. However, because of the disap-
pearance of cell borders in our TUNEL slides, it was 
difficult to make a clear distinction of the intermediate 
versus fully differentiated MEC. Moreover, there were 
no differences in the relative distributions of these MEC 
between the CL and NL glands. It is therefore puzzling 
why CL glands cannot restore their MEC population in 
late gestation to the same extent as in the NL glands, 
when the CL glands apparently possess MEC in a stage 
of differentiation capable of undergoing both cell prolif-
eration and initiation of lactogenesis (see below), as is 
the case in NL glands.
Effect of CL on Vascular Remodeling
Very few studies have addressed the changes in mam-
mary vasculature during the normal course of gesta-
tion-lactation in ruminants and, to our knowledge, no 
previous studies have looked into the effect of continued 
milking during late gestation on vascular remodeling. 
We found that in the goat mammary gland, the vessel 
fraction in histological slides peaked earlier in the NL 
glands (MDP) compared with the CL glands (LDP), 
and thereafter the vessel fraction decreased to the low-
est levels in early lactation. This is consistent with the 
higher rate of formation of new cells in the NL glands 
throughout the dry period, resulting in the vasculature 
gradually occupying less space. Omission of the dry 
period resulted in a numerically or statistically higher 
proportion of micro-vessels in the subsequent lactation. 
Thus, the results may indicate that the larger ratio of 
capillaries to alveoli in CL compared with NL glands 
is indicative of a greater blood supply to the MEC and 
more efficient exchange of nutrients and waste products 
across the capillary–MEC barrier in CL glands. This 
could partly explain why milk yield in CL glands in 
goats is unaffected by CL despite the negative effect of 
CL on prepartum cell renewal. However, the capillary to 
alveoli ratio will normally be at its lowest in early lacta-
tion and increase as lactation progresses [M. O. Nielsen 
(Faculty of Life Sciences, University of Copenhagen, 
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Denmark), K. Dahlborn, and K. Cvek (both of Depart-
ment of Anatomy, Physiology, and Biochemistry, The 
Swedish University of Agricultural Science, Sweden), 
unpublished data; present study]. It is thus inversely 
related to mammary blood flow changes (Nielsen et al., 
1990) and efficiency of nutrient extraction in the mam-
mary gland during lactation (Nielsen et al., 2001). In 
fact, the number of capillaries surrounding each alveo-
lus is several fold higher in the early compared with the 
late lactation, but the capillary diameter is very small 
in early lactation and increases as lactation progresses 
[M. O. Nielsen (Faculty of Life Sciences, University of 
Copenhagen, Denmark), K. Dahlborn, and K. Cvek 
(both of Department of Anatomy, Physiology, and Bio-
chemistry, The Swedish University of Agricultural Sci-
ence, Sweden), unpublished data; present study]. Very 
small capillaries would favor a more efficient nutrient 
exchange across the capillary–MEC barrier because of 
smaller diffusion distances, and extraction rates for sev-
eral nutrients have in fact been found to be higher in 
early compared with late lactation (Nielsen et al., 2001; 
Madsen et al., 2008). Our findings therefore indicate 
that CL glands enter the new lactation with an older 
population of MEC surrounded by a similarly older 
(and possibly more developed) capillary network. As 
a result, nutrient exchange across the capillary-MEC 
barrier would occur less efficiently, but the decrease in 
vascular resistance (larger peripheral resistance) could 
possibly allow for a compensatory increase in mammary 
blood flow. Future studies will need to be conducted to 
reveal if milk yield in this way could be maintained 
relatively unaffected by CL in the goat because of a 
higher mammary blood perfusion per unit of milk syn-
thesized.
Impact of CL on Key Regulatory Mechanisms 
Responsible for MEC Population
We were not able to demonstrate any significant ef-
fects of CL on expression of any of the genes encoding 
for factors with reported effects on cell turnover and 
differentiation (Figure 4A). Contrast analyses revealed 
differences in expression between CL and NL glands 
for a few genes at selected time points. The CL glands 
had higher expression of the LTF gene in period LDP 
and of the CCND1 and IGFBP5 genes at parturition 
(d 1). Lactoferrin is an innate immune factor and is 
reported to be increased during involution compared 
with lactation. Expression of LTF in general did not 
change during the lactation period, and the higher ex-
pression of this mitogenic factor (Baumrucker et al., 
2006) in CL glands in LDP was not consistent with the 
fact that CL glands had much lower rates of cell pro-
liferation in late gestation compared with NL glands. 
Leptin, CCND1, BCL2, and IGF-1 have all been re-
ported to have mitogenic effects on MEC (Sherr, 1995; 
Baumrucker and Erondu, 2000; Dlugosz et al., 2006). 
Expression of CCND1, BCL2, and the LPTR increased 
across the prepartum period and decreased at parturi-
tion to reach the lowest levels during lactation. The 
same was reported in dairy cows (Annen et al., 2007) 
and sheep (Norgaard et al., 2008a). These expression 
changes followed the general changes in MEC prolif-
eration. However, CL did not affect expression of any 
of these factors at any time point during gestation or 
lactation (except the higher expression for CCND1 at d 
1 in CL glands) and could therefore not account for the 
negative effect of CL treatment on MEC renewal.
Bcl2-associated X protein and IGFBP5 are potent 
apoptotic factors in the mammary gland (Wareski et 
al., 2001; Sorensen et al., 2006). Expression of BAX 
followed the same general pattern as that observed for 
the mentioned mitogenic agents with highest expres-
sion occurring prepartum. In agreement with others 
(Wareski et al., 2001; Norgaard et al., 2008b), we have 
not been able to correlate BAX gene expression with 
the changes in apoptosis during the transition period 
from gestation to lactation and the peak observed in 
the early postpartum period (d 3 to 10). Insulin-like 
growth factor binding protein V was highly expressed 
on d 1 in CL glands, and CL glands had a close to sig-
nificant higher rate of apoptosis on d 3 compared with 
NL glands. Upregulation of IGFBP5 around parturi-
tion may be a mechanism whereby cell death is induced 
in early lactation such that the oldest MEC remain-
ing from the previous lactation can be renewed in CL 
glands. Another finding in support of this proposition 
was that the higher rate of apoptosis in CL glands on d 
3 indeed coincided at this exact time with a decrease in 
the proportion of fully differentiated MEC, which was 
not observed in NL glands.
The factors or mechanisms explaining the effect of 
CL in late gestation on cell renewal and differentia-
tion thus remain to be identified. However, our failure 
to link the cell turnover events to changes in gene 
transcription could also be because these expression 
changes are cell specific. When performing expression 
studies on tissue samples consisting of several different 
cell types, as in mammary tissue, cell-specific changes 
in gene expressions could have been masked or might 
have been diluted at stages in which the proportion of 
MEC was low.
Obviously the effect of continued milking in late 
gestation on cell renewal and mammary remodeling 
must be mediated by local mechanisms in the gland 
subjected to CL, because it is possible to continuously 
milk one udder half in the animal while drying-off the 
other.
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Effect of CL on Key Regulatory Mechanisms 
Responsible for Vascular Function
In contrast to the factors encoding for MEC turn-
over, CL did affect changes in expression during ges-
tation and on the day of parturition for some of the 
genes encoding for factors regulating vascular function. 
Djonov et al. (2001) suggested that regression of the 
capillary endothelium during mammary involution 
could be correlated to or be a consequence of MEC in-
volution. Higher gene expression of CA4 [in general (P 
< 0.06) and particularly in the prepartum period] and 
VEGFR1 during the first part of the dry period in CL 
glands may be ascribed to the fact that those glands 
had a MEC population that was prevented from involu-
tion, and thus maintained into lactation. Consequently, 
a functional capillary network was sustained as well.
Statistically or numerically higher expression of 
ANGPT1, VEGF, VEGFR1, VEGFR2, and COX2 in 
CL glands at d 1 suggest that the CL glands experienced 
a higher rate of vascular growth than the NL glands, 
probably renewing part of the aging vascular system at 
parturition, whereas this vascular renewal would have 
happened before parturition in the NL glands in paral-
lel with the renewal of the MEC population.
CONCLUSIONS
Continuous lactation suppressed MEC renewal be-
cause of suppression of prepartum cell proliferation; 
however, the rate of apoptosis was unaffected. Con-
tinuously lactating mammary glands of goats there-
fore entered the subsequent lactation with a smaller 
MEC population, as has been observed in dairy cows. 
Throughout lactation, the CL glands had a larger micro-
vessel proportion and a lower proportion of MEC, but 
the MEC were more fully differentiated and likely older 
compared with those in NL glands. If fully differentiated 
MEC have higher secretory activity, this could explain, 
in part, why goats can lactate continuously without 
major negative effects on milk yield, in spite of the 
smaller population of MEC. We were not able to resolve 
why continued milking during the late gestation period 
interferes with MEC and vascular remodeling within 
the mammary gland and what regulatory mechanisms 
are responsible. So 2 questions remain: Why is the full 
restoration of the MEC population and overall mam-
mary remodeling inhibited because of continuous milk 
removal from a mammary gland throughout gestation? 
And why is this associated with a marked depression 
in milk yield in dairy cows in the subsequent lactation, 
but apparently not in the dairy goats that (with some 
difficulty) manage to lactate continuously?
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